
Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) Publication number: 0 450 911 A2 



EUROPEAN PATENT APPLICATION 



(3) Application number: 91302872.6 



@ Int CI. 6 : G11C 11/15 



(§) Date of filing : 02.04.91 



@ Priority : 04.04.90 US 505090 



(43) Date of publication of application : 
09.10.91 Bulletin 91/41 



@ Designated Contracting States : 
DE FR GB NL 



@ Applicant : HONEYWELL INC. 
Honeywell Plaza 

Minneapolis Minnesota 55408 (US) 



(72) Inventor : Daughton, James M. 
5805 Amy Drive 
Edina, Minnesota 55436 (US) 
Inventor : Hurst, Allan T. f Jr. 
777 Sunny Lane 
Anoka, Minnesota 55303 (US) 
Inventor : Pohm, Arthur V. 
2500 Woodview 
Ames, Iowa 50010 (US) 



@ Representative : Fox-Male, Nicholas Vincent 
Humbert 

Honeywell Control Systems Limited Charles 
Square 

Bracknell Berkshire RG12 1EB (GB) 



@ Magnetic state entry assurance. 



@ A method for storing selected magnetic states in magnetic bit structures (10) so 
establishment of the desired state therein. 



as to assure 




4 



Jouve, 1 8, rue Saint-Denis, 75001 PARIS 



1 



EP 0 450 911 A2 



2 



BACKGROUND OF THE INVENTION 

The present Invention relates to ferromagnetic 
thin-film memories and, more particularly, to fer- 
romagnetic thin-film memories in which Information 
states of the memory cells are based on alternative 
magnetization directions along the easy axis of the 
thin-film. 

Digital memories of various kinds are used exten- 
sively in computers and computer system compo- 
nents, digital processing systems, and the like. Such 
memories can be formed, to considerable advantage, 
based on the storage of digital system bits as alterna- 
tive states of magnetization in magnetic materials in 
each memory cell, typically ferromagnetic thin-film 
materials. The information stored in such films is 
stored therein through selected directions of magneti- 
zation occurring in that film, this information being 
obtainable from such films through either inductive 
sensing to determine the magnetization state, or by 
magnetoresistive sensing of such states. Ferromag- 
netic thin-film memories of this nature may be conve- 
niently provided on the surface of a monolithic 
integrated circuit chip to provide easy electrical inter- 
connections between the memory cells and the mem- 
ory operating circuitry provided in the chip. 

Ferromagnetic thin-film memory cells can be 
made very small and they can be packed very closely 
together to achieve a significant density of stored 
information bits, properties which are the basis of per- 
mitting them to be provided on the surface of a mono- 
lithic integrated circuit, as indicated above. Suitable 
constructions for such cells can be found in U.S. 
Patents 4,731,757 to Daughton et al entitled "Mag- 
netoresistive Memory Including Thin Film Storage 
Cells having Tapered Ends" and 4,780,848 to 
Daughton et al entitled "Magnetic Memory" and an 
earlier filed application by J. M. Daughton having 
Serial No. 07/161,534 entitled "Magnetic Device Inte- 
grated Circuit Interconnection System f "all of which 
have been assigned to the same assignee as the pre- 
sent application and are herein incorporated by refer- 
ence. A structure analogous in some respects to 
those disclosed there is shown, as an example, in Fig- 
ure 1. 

There, a bit structure, 10, from a series siring of 
them in a monolithic integrated circuit is presented in 
a portion of that integrated circuit such that the-oppo- 
site ends thereof, 1 1 , are exposed. Bit structure 1 0 is 
shown formed over a semiconductor material body, 
12, in and on which the monolithic integrated circuit is 
formed. Bit structure 10 is provided directly on an 
insulating layer, 13, supported on a major surface of 
body 12 in the Integrated circuit chip. As indicated 
above, just a portion of the integrated circuit is shown, 
and then only a small part of the semiconductor body 
for that portion of the integrated circuit is shown in the 
figure. 



Semiconductor material body 12 is typically for- 
med of a doped silicon material of primarily either p- 
or n-type conductivity, with other regions of opposite 
conductivity provided therein to form circuit elements 

5 or portions of circuit elements. Insulating layer 13 is 
typically formed of silicon nitride both as an electrical 
insulator and as an oxygen barrier to prevent any 
oxygen from migrating therefrom into bit structure 10 
and oxidizing any of the magnetic materials therein. 

10 Bit structures like bit structure 10 are usually pro- 

vided, as previously indicated, in a memory as a 
series string of such bit structures extending both 
ways from ends 1 1 where exposed at the edges of the 
integrated circuit portion shown in Figure 1. The bit 

15 structures in series are connected to adjacent ones 
thereof in such an arrangement at junctures, 14, pro- 
vided at each end of each of such bit structures where 
they provide an electrical short circuit for intercon- 
necting them, and at the ends of each series string for 

20 interconnecting it to other circuit components in the 
monolithic integrated circuit operating the memory. 

The remainder of bit structure 1 0 disposed on the 
exposed major surface of insulating layer 13 is com- 
prised of a lower ferromagnetic thin-film, 15, and an 

25 upper ferromagnetic thin-film, 1 6. Ferromagnetic thin- 
film layers 15 and 1 6 exhibit uniaxial anisotropy, mag- 
netoresistance, little magnetostriction, and are of an 
alloy composition typically comprising nickel, cobalt 
and iron. Typically, proportions of each are chosen to 

30 strongly reduce or eliminate any magnetostrictive 
effects in the films, and to improve certain other 
properties of them for the application. 

Between ferromagnetic thin-film layers 15 and 16 
is a further thin layer, 17, which usually would not be 

35 one exhibiting ferromagnetism, but may be either an 
electrical conductor or an electrical Insulator. Layer17 
must, however, in this construction, prevent the 
exchange interaction between electron spins on 
neighboring atoms from coupling across the sepa- 

40 ration between layers 15 and 16 to thereby lock 
together the magnetizations of each. A typical choice 
for layer 17 would be tantalum doped with nitrogen. 

A further diffusion barrier and protective layer, 18, 
is provided over upperferromagnetic thin-film 16. This 

45 layeragain can be formed of nitrogen doped tantalum. 
In junctures 1 4 there is further provided two other con- 
ductive layers, the first layer, 19, being formed of cop- 
per doped aluminum on which is provided a second 
layer, 20, of tungsten. These layers provide an elec- 

50 trical short between adjacent bit structures as indi- 
cated above. 

An insulating layer, 21 , is then provided to elec- 
trically isolate bit structure 10 from further structures 
to be provided thereabove. Layer 21 is typically fbr- 

55 med of silicon nitride. A word line conductor, 22, is 
then provided over layer 21 extending to the tapered 
portions at the ends of bit structure 10. Tyically, word 
line 22 extends over several simOar bit structures, 
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each one being In a different series string of such bit 
structures. Both of layers 21 and 22 are only partially 
shown in Figure 1, with other portions thereof having 
been removed from the right-hand portion of bit struc- 
ture 10 in that figure so that portion of bit structure 10 
can be more dearly seen. Word line conductor 22 is 
typically formed with a thin layer of titanium and tung- 
sten followed by a layer of copper doped aluminum. 
A passivation layer, 23, of silicon nitride is then pro- 
vided over the entire structure, though this layer is 
also only partly shown, to protect it from external con- 
taminants. 

Bit structure 10 can be operated in a longitudinal 
mode having its easy axis extend between junctures 
14 perpendicular to the direction of extension of word 
line conductor 22, or in a transverse mode having its 
easy axis of magnetization parallel with the direction 
of extension of word line conductor 22. In either situ- 
ation, information, kept as a binary bit having one of 
two alternative logic values in bit structure 10, is 
stored therein in layers 15 and 16 by having the mag- 
netization oriented to point in one direction or the 
other (but opposite in each of these layers to the direc- 
tion in the other), generally along the easy axis of 
magnetization. If the direction of magnetization is 
caused to rotate from such a direction by external 
magnetic fields, the electrical resistance of layers 15 
and 16 change with this magnetization direction rota- 
tion because of the magnetoresistive properties of 
such layers. 

Near the edges of films 15 and 16, assuming that 
the easy axis is parallel with word line 22, anisotropy 
fields are dominated by the demagnetization fields 
due to the "free poles" at these edges. If the magneti- 
zations of films 1 5 and 1 6 were saturated, the demag- 
netization fields would approach half the saturation 
fields, or perhaps 5,000 Oersteds, for these films with 
the alloys described here. Typical films of these alloys 
will have a coercivity and an anisotropy field on the 
order of only 20 Oersteds, leading to instabilities in the 
magnetization at the edges of these films. 

In such large demagnetization fields, electron 
spins at the edge of the films are constrained to lie 
nearly parallel to these edges and the direction of 
elongation of these films. The directions of these elec- 
tron spins only gradually turn to pointing across the 
films further inward toward the center of the films with 
the demagnetizing fields no longer overcoming the 
isotropy field. The rate, shape and distance of the 
occurrence are ail a complex function depending on 
the magnetostatics of the situation, the quantum 
exchange interaction between adjacent atom electron 
spins, and the anisotropy considerations not unlike 
those leading to N6el walls. 

Thus, the magnetization along the transverse 
axis is at or very nearly at zero at the outer edges of 
the films where word line 22 crosses them, and gradu- 
ally increases in inward locations which are closer to 



the interior of the films, the magnetization value 
increasing toward the saturation value occurring in 
the central portions of the films. In the regions be- 
tween the portions adjacent to the exterior edges of 
5 the film and the point where magnetic saturation 
begins, the film magnetizations are in transition from 
pointing along the direction of elongation to pointing 
along the direction of the easy axis. Therefore, such 
ferromagnetic thfn-fflms having their easy axes 
w extending in directions transverse to the direction of 
elongation thereof, or parallel to word line 22, do not 
truly saturate across the films along the easy axis but 
only across a part of such a film. 

A representation of the magnetizations of a sec- 
ts tion of one of films 1 5 and 1 6 from between its tapered 
parts is shown in Figures 2A and 2B. Figure 2A shows 
the magnetizations for the storage of a "0" logic value 
bit of information with the magnetizations at central 
locations shown pointed upward in that figure and 
20 edge magnetizations therein shown pointed primarily 
to the right Figure 2B shows the magnetizations for 
the storage of a "1" logic value bit of information with 
the magnetizations at central locations shown pointed 
downward in that figure, and with edge magneti- 
25 zations therein shown still pointed primarily to the 
right. 

Sense current refers to the current flow through 
bit structure 10 from one juncture 14 to the other 
juncture 14 thereof, and word current refers to current 

30 flowing in word line 22 adjacent to, and extending in 
a direction traverse to the direction of elongation of, 
bit structure 1 0. Bit structure 1 0 can be placed in one 
of two possible magnetization states along an easy 
axis thereof as shown in Figures 2A and 2B through 

35 the selective application of sense and word currents, 
i.e. information can be stored or "written" into bit struc- 
ture 10. 

Bit structure 1 0, in the configuration shown in Fig- 
ure 1 or in other typical configurations, in the past was 

40 typically placed in a "0" logic value magnetization 
state on the basis of providing a word current of typi- 
cally 10.0 mA to 30.0 mA flowing in a direction which 
creates a magnetic field in films 15 and 16 oriented in 
the same common direction as the edge magneti- 

45 zations of those films primarily were. A current 
through word line 22 giving such a result in a magnetic 
field will be termed a positive word line current or posi- 
tive word current Previous to this current flow, the 
edge magnetizations of films 15 and 16 were set by 

so the application of a strong external magnetic field of 
typically a few thousand Gauss. The setting of a "0" 
logic value magnetization state was then completed 
by coincidentally providing a sense current of typically 
1.0 mA to 3.5 mA coincidentally with the provision of 

55 the word current 

The opposite magnetization state representing a 
"1" logic value magnetization state was alternatively 
set into bit structure 10 through providing the same 
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word current in the same direction, i.e. a positive word 
current, but providing a sense current of the same 
magnitude in the opposite direction through bit struc- 
ture 10. Such magnetization state changes will occur 
very quickly after the proper current levels are 6 
reached, such changes between such states occur- 
ring in less than about 10ns. 

This method of establishing a magnetization state 
In memory films 15 and 16 of the bit structure 10 is 
generally a reliable way of doing so. However, there 10 
is on occasion found to be erroneous information in a 
bit structure 10 after such a storage procedure. Typi- 
cally, the provision of a word current and a sense cur- 
rent is done to change the magnetization state of the 
bit structure 10 to the opposite state. The electron 15 
spins are reoriented under word line 22, at least in the 
central parts of fflms 15 and 16. As this occurs, the 
magnetic walls that initially form between the portions 
of films underneath word line 22 and the end portions 
thereof outside of word line 22 quickly propagate 20 
through the tapered portions to the ends of the films 
where the taper ceases. This occurs because the 
energy in the magnetic wall is dependent on the 
length thereof, and so having the wall propagate into 
the tapered end portions of bit structure 10 neces- 25 
sarfly shortens the walls to thereby reduce the energy 
thereof. Since magnetic systems tend to minimize the 
magnetic energy thereof in accord with ther- 
modynamics, the magnetic walls have a strong ten- 
dency to propagate to the ends of the tapered 30 
sections. 

However, there is evidence that in some inst- 
ances an initial magnetic wall, formed at the initiation 
of a storage procedure between the memory film por- 
tions under word line 22 and those remaining memory 35 
film portions not under word line 22, becomes "pin- 
ned - at about the edge of word line 22. That is, the ini- 
tial magnetic wall so formed does not move through 
the tapered end portions toward the ends thereof as 
it normally does as a consequence of minimizing the 40 
magneticenergy. Rather, the wall stays temporarily in 
place at the edge of word line 22 where it is subject 
to propagating in the opposite direction when the 
sense current is next reversed in its direction of flow. 
The cause of such "pinning" is not known, but is 45 
believed to be related, at least in part, to transitions in 
a significant portion of the sense current flow, first 
from juncture 14 shorting tungsten layer 20 to flow in 
films 15, 16 and 17 through the major portion of bit 
structure 1 0, and then from there entering the subse- so 
quent shorting layer 20 in the following juncture 14. 
These sense current flow transitions at these loca- 
tions are thought to have effects which can on occa- 
sion lead to such "pinning" of magnetic walls. 

The situation is shown in Figure 3 in one of mem- 55 
ory films 15 and 16 with the edges of word line 22 in 
Figure 3 being represented by two vertical dashed 
lines. There, a magnetic wall is shown formed just at 



the point in the film portion over which the left edge of 
word line 22 passes. As can be seen there, the mag- 
netizations in the film to the left of the left edge of word 
line 22 in the central parts of the film point in the down- 
ward direction following the magnetization directions 
established for the prior magnetization state stored in 
that film. On the right side of the left edge of word line 
22, the magnetizations of the central portions of the 
film point in the upward direction following the direc- 
tion of the state that is intended to be stored in the film 
as the result of the word line current flow for the cur- 
rent storage procedure. Thus, a 180° magnetic wall 
has formed between these two regions in the film 
under what would be the left edge of word line 22, if 
it were shown, and also near where one of the current 
transitions described occurs. Because of being "pin- 
ned," the wall has not propagated to the left as nor- 
mally occurs. 

Upon the cessation of the sense and word line 
currents, this situation shown in Figure 3 wOl remain 
if a "pinning" of the wall shown has occurred. How- 
ever, a subsequent reversal of the flow of the sense 
line current may weD occur, possibly in the next infor- 
mation retrieval operation attempting to extract infor- 
mation from the memory. Such a sense current 
reversal will change the sense current transitions situ- 
ation and the direction of the magnetic field resulting 
from the sense current, and could thus both permit 
and urge this previously "pinned" wall to move to the 
right so that the prior magnetic state is stored again 
in bit structure 10 rather than the state attempted to 
be established by the most recent storage procedure. 
As a result, erroneous information will come to be pre- 
sent in that bit structure. 

Thus, there is a desire to store a selected mag- 
netic state in a bit structure 10 that is not subject to 
becoming erroneous in subsequent memory storage 
and retrieval operations. That is, there is a desire to 
store a magnetization state in bit structure 10 that is 
complete in the sense of having the magnetization 
established in the central portions of a memory film In 
a bit structure be in a more or less common direction 
throughout those portions of the bit structure. 

SUMMARY OF THE INVENTION 

The present invention provides a method for stor- 
ing selected magnetic states in magnetic bit struc- 
tures of the kind described above through providing a 
word line current in a direction which results in a mag- 
netic field due thereto, in the memory fflms of these bit 
structures, that is oriented substantially parallel to a 
common direction followed at least partially by orien- 
tations of edge magnetizations in these films that are 
parallel to the edges thereof, providing a selected 
sense current through these memory films which is at 
least partially concurrent with the word current des- 
cribed previously, and providing, after cessationof the 
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first word current, another word current which pro- 
vides a magnetic field in the bit structure memory film 
that is oriented in a direction opposite the common 
direction followed at least partially by the orientations 
of the edge magnetizations. This latter word line cur- 
rent can provide large angular rotation of the magneti- 
zations in some of the central parts of the bit structure 
to Increase the energy per unit length of any "pinned" 
magnetic wall thereby increasing the forces directed 
toward causing it to translate through the tapered por- 
tion nearest it so that the entire memory film has mag- 
netizations of the central parts thereof all directed in 
substantially the same direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a pictorial view of a portion of a 
structure with respect to which the present inven- 
tion is practiced, 

Figures 2A and 2B each show a diagrammatical 
representation of a state of a section of the struc- 
ture shown in Figure 1, 

Figure 3 shows a diagrammatical representation 
of a state of a section of the structure shown in 
Figure 1, 

Figure 4A shows a resistance characteristic of the 
structure of Figure 1, and 
Figure 4B shows another resistance characteris- 
tic of the structure of Figure 1 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The situation of Figure 3 results because of the 
forces, whatever they may be, keeping the magnetic 
wall at its location at or near the edge of word line 21 . 
If the energy per unit length of the wall could be 
increased, there would be an increased force attempt- 
ing to translate the wail to the nearest tapered end of 
bit structure 10 to thereby minimize the magnetic 
energy as is required by the laws of thermodynamics. 

As indicated above, a magnetic state is stored in 
bit structure 10 by applying a positive word current 
and a sense current in one direction or the other 
through bit structure 10 to select the desired magneti- 
zation state to be established therein as a result of 
these currents. The application thereafter of a nega- 
tive word current can supply this desired additional 
energy to the'pinned" wall to thereby result in having 
that wall gain energy per unit length. The application 
of a negative word current after the application of the 
positive word current used in storing the desired state 
provides a reversed magnetization direction in the 
center of the memory films to the extent that the cent- 
ral magnetization has an angle between 180° and 
270° with respect to orientation of the edge magneti- 
zations of the memory films. The resulting increase in 
magnetic energy per unit of wall length urges the mag- 



netic wall down the taper because this minimizes the 
total magnetic energy in the film material system. 

Figure 4A shows the electrical resistance versus 
word line current characteristics of bit structure 10 of 

5 Figure 1 in the absence of a •pinned" magnetic wall 
for both "0" and "1" logic value magnetization states 
which may alternatively occur therein, the lower 
characteristic representing the "0" state. The resist- 
ance characteristic for both positive and negative 

10 word line currents is shown. Again, negative word line 
currents mean currents flowing through word line 22 
in a direction which results in a magnetic field due 
thereto in the memory films of bit structure 10 that is 
oriented in a direction opposite a common dfrection 

15 followed at least partially by orientations of edge mag- 
netizations in those films that are parallel to the edges 
thereof. A positive word line current provides a mag- 
netic field in those films in the opposite direction, or in 
the common direction. 

20 The dashed line arrows shown on the resistance 
characteristics for the "0" and "1" magnetization 
states of bit structure 10 show the locus of electrical 
resistance changes for the applications of word cur- 
rent of the kind described in the last paragraph. As- 

25 suming that the application of word current starts from 
a zero value, Figure 4A shows the resistance change 
locus for the switching of a "1" magnetization state to 
a "0" state which results from using the method indi- 
cated above based on having a negative word current 

30 applied following application of a positive word cur- 
rent A positive word current is first supplied beginning 
from a value of zero, and the arrows show the supply- 
ing of this current involves reaching a value sufficient 
to travel past the break point in the "1" magnetization 

35 characteristic to thereby switch the magnetization 
vectors (in conjunction with the sense current) to be 
in a "0" logic value magnetization state. The word cur- 
rent then returns to zero and continues to decrease 
unto a substantial negative word current is provided in 

40 word line 22. This negative word current is sufficient 
to exceed the value required to form a N6el magnetic 
wall which is the value of negative word current at 
which the "1" characteristic shifts sharply upward. 
The arrows show the situation in which the mag- 

45 netizations of the central portions of the memory films 
of bit structure 1 0 have all switched from the "1 " mag- 
netization state of Figure 2B to thereafter all be in the 
proper direction tor a "0" state having been 
established therein as in Figure 2A. The arrows show 

so that the applied negative word current causes a 
change in resistance which follows the characteristic 
for the "0" logic value magnetization state, or the lower 
characteristic in Figure 4A. That is, the arrows shown 
follow along this lower characteristic to the left and 

55 then reverse back toward zero word current 

However, if a portion of the memory films of bit 
structure 10 have magnetizations remaining oriented 
in the direction consistent with the previous "1" logic 
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value magnetization state therein so that a "pinned" 
magnetic wall has formed between that portion and 
the portion newly established in the "0" state orien- 
tation by the positive word current (and corresponding 
sense current), the arrows in the negative word cur- 
rent portion of Figure 4A would follow a somewhat dif- 
ferent resistance characteristic, one intermediate to 
the "1" and "0" characteristics shown. The result is 
shown in Figure 4B with the difference in character- 
istics exaggerated for clarity. There, the intermediate 
resistance characteristic is shown as a dashed line. 
Applying a positive word current first starting from 
zero, the locus of resistance change is shown for the 
switching of a "1" magnetization state to a "0" state 
using the method indicated above of having a nega- 
tive word current applied following application of a 
positive word current 

The long arrows in Figure 4B show the supplying 
of a positive word current that reaches a value suffi- 
cient to travel past the break point in the "1" magneti- 
zation characteristic to switch the magnetization 
vectors (in conjunction with the sense current) to be 
in a "0" logic value magnetization state. However, 
after passing the break point, the "1" characteristic is 
not switched to become the "0" characteristic because 
the "1" magnetization state does not entirely become 
the "0" magnetization state due to the "pinned" mag- 
netic wall. Instead, a "mixed" state occurs which has 
the intermediate resistance shown by the dashed line 
in Figure 4B. The word current thus follows this inter- 
mediate characteristic instead and returns to zero as 
shown by the long arrows pointing toward zero along 
the dashed line characteristic. From zero in the new 
method, as indicated above, the word current con- 
tinues to decrease until a substantial negative word 
current is provided in word line 22 as shown by the 
long dashed arrows still following the intermediate 
dashed line resistance characteristic to the left from 
this zero point This negative word current is sufficient 
to exceed the value required to form a Neel magnetic 
wall, that value of negative word current at which the 
"1" characteristic shifts sharply upward. At this value 
of negative word current, the energy of the pinned 
magnetic wall would very significantly increase so that 
its energy per unit length also increases substantially. 
The thermodynamic requirement of minimizing the 
magnetic energy will lead to the wall then being trans- 
lated down the tapered portion nearest thereto of the 
magnetic films of bit structure 1 0. 

As a result, the intermediate resistance charac- 
teristic collapses into the "0" characteristic. This is 
shown in Figure 4B by several short arrows pointing 
directly from the intermediate characteristic shown as 
a dashed line to the lower "0" characteristic. Thus, the 
long arrows shown for the return to zero word line cur- 
rent follow along the lower characteristic to the zero 
value. 

Thus, the application of a positive word current 



and a sense current to establish a magnetic state in 
bit structure 10 can be conveniently followed by an 
application of negative word current to assure that the 
magnetizations in central portions of the memory films 

5 in that bit structure all are oriented in essentially a 
common direction corresponding to the desired mag- 
netization state. Experiment has shown that the num- 
ber of erroneous bits of information in an array 
comprising bit structures like bit structure 10 is slgnifi- 

10 carttly reduced by this application of a negative word 
currentfor a short time following the positive word cur- 
rent and sense current normally used in establishing 
the desired magnetization state. 

Although the present invention has been des- 

15 cribed with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 

20 

Claims 

1. A method for storing selected magnetic states in 
magnetic bit structures (10) each comprising a 

25 memory film (15, 16) of a magnetoresistive, 
anisotropic, magnetic material between first and 
second terminal portions thereof and each having 
a word line conductor located across an electrical 
insulating layer from its said memory fQm which 

30 extends over a pair of opposite edges of that said 
memory film with each said edge extending be- 
tween said first and second terminal portions, 
said memory film of each magnetic bit structure 
having an easy axis of magnetization oriented 

35 substantially along that direction in which its cor- 
responding said word line conductor extends with 
directions of magnetization along said easy axis 
determining said magnetic states of that said 
magnetic bit structure, said memory film of each 

40 magnetic bit structure having portions thereof suf- 
ficiently near either of its said pair of opposite 
edges exhibiting magnetizations therein oriented 
substantially parallel to said edges with such 
edge magnetizations directed at last partially in 

45 substantially a common direction, said method 
characterised by: 

providing a selected activation current 
through a first said word line conductor in a direc- 
tion which results in that magnetic field due 

so thereto in said memory film of a corresponding 
first said magnetic bit structure being oriented 
substantially parallel to, and directed in, said 
common direction; 

providing a selected sense current through 

55 said first magnetic bit structure memory film be- 
tween said first second terminal portions thereof 
which is at least partially concurrent with said pro- 
viding of said activation current; and 
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providing, after cessation of said activation 
current but at least partially concurrent with said 
providing of said sense current, a selected bit 
completion assurance current through said first 
word line conductor in a direction which results in s 
that magnetic field due thereto in said memory 
film of said first magnetic bitstructure being orien- 
ted substantially opposite to said common direc- 
tion. 

10 

2. A method for storing selected magnetic states in 
magnetic bit structures (10) each comprising a 
memory film (15, 16) of a magnetoresistive, 
anisotropic, magnetic material between first and 
second terminal portions thereof and each having 1 5 
a word line conductor located across an electrical 
insulating layer from its said memory film which 
extends over a pair of opposite edges of that said 
memory film with each said edge extending be- 
tween said first and second terminal portions, 20 
said memory film of each magnetic bit structure 
having a easy axis of magnetization oriented sub- 
stantially along that direction in which its corre- 
sponding said word line conductor extends with 
directions of magnetization along said easy axis 25 
determining said magnetic states of that said 
magnetic bitstructure, said method characterised 

by:- 

provlding a magnetic field adequate to 
cause magnetizations of portions of said memory 30 
film sufficiently near either of said pair of opposite 
edges thereof, forming edge magnetizations, to 
be oriented substantially parallel to said edges so 
as to be directed at least partially in substantially 
a common direction; 35 

providing a selected activation current 
through a first said word line conductor in a direc- 
tion which results in that magnetic field due 
thereto in said memory fflm of a corresponding 
first said magnetic bit structure being oriented 40 
substantially parallel to, and directed in, said 
common direction; 

providing a selected sense current through 
said first magnetic bit structure memory film be- 
tween said first and second terminal portions 45 
thereof which is at least partially concurrent with 
said providing of said activation current; and 

providing, after cessation of said activation 
current but at least partially concurrent with said 
providing of said sense current, a selected bit so 
completion assurance current through said first 
word line conductor in a direction which results in 
that magnetic field due thereto in said memory 
fflm of said first magnetic bitstructure being orien- 
ted substantially opposite to said common direc- 55 
tion. 

3. A method for storing selected magnetic states in 



magnetic bit structures (10) each comprising a 
memory film (15, 16) of a magnetoresistive, 
anisotropic, magnetic material between first and 
second terminal portions thereof and each having 
a word line conductor located across an electrical 
insulating layer from its said memory film which 
extends over a pair of opposite edges of that said 
memory film with each said edge extending be- 
tween said first and second terminal portions, 
said memory film of each magnetic bit structure 
having a easy axis of magnetization oriented sub- 
stantially along that direction in which its corre- 
sponding said word line conductor extends with 
directions of magnetization along said easy axis 
determining said magnetic states of that said 
magnetic bit structure, said memory film of each 
magnetic bit structure having portions thereof suf- 
ficiently near either of its said pair of opposite 
edges exhibiting magnetizations therein oriented 
substantially parallel to said edges with such 
edge magnetizations directed at least partially in 
substantially a common direction, said method 
characterised by: 

providing a selected activation current 
through a first said word line conductor in a direc- 
tion which results in that magnetic field due 
thereto in said memory film of a corresponding 
first said magnetic bit structure being oriented 
substantially parallel to, and directed in, said 
common direction; 

providing a selected sense current through 
said first magnetic bit structure memory film be- 
tween said first and second terminal portions 
thereof which is at least partially concurrent with 
said providing of said activation current; and 

providing, after cessation of said activation 
current but at least partially concurrent with said 
providing of said sense current, a selected bit 
completion assurance current through said first 
word line conductor in a direction which results in 
that magnetic field due thereto in said memory 
film of said first magnetic bitstructure being orien- 
ted substantially opposite to said common direc- 
tion that is sufficient to cause a magnetic wall to 
form between said edge magnetizations and at 
least a portion of that said memory film interior 
thereto absent a magnetic wall being present, but 
also sufficient to reform a magnetic wall already 
present so as to increase its energy per unit 
length. 

4. A method according to any preceding Claim 
characterised in that a maximum value of said bit 
completion assurance current exceeds that of 
said activation current 

5. A method according to any preceding Claim 
characterised in that said sense current is selec- 
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ted to be provided through said first magnetic bit 
structure in a direction corresponding to that 
direction along said easy axis in which a resulting 
magnetization is intended to occur to thereby 
establish a corresponding said magnetic state. 5 

6. A method according to any preceding Claim 
characterised in that said activation current is pro- 
vided reaching a value such that a relatively large 
shift occurs in said change in said electrical resi- 10 
stance with relatively little further activation cur- 
rent for one of said magnetic states occurring 
immediately theretofore in said first magnetic bit 
structure. 

15 

7. A method according to any preceding Claim 
characterised in that completion assurance cur- 
rent is provided reaching a value such that a rela- 
tively large shift occurs in said change in said 
electrical resistance with relatively little further bit 20 
completion assurance current for one of said 
magnetic states occurring immediately theretof- 
ore in said first magnetic bit structure. 

8. A method according to any preceding Claim 25 
characterised in that said sense current passes 
through a plurality of magnetic bit structures elec- 
trically connected in series with one another, 
including said first magnetic bit structure, each 
having a different word line conductor corre- 30 
sponding thereto. 

9. A method according to any preceding Claim 
characterised in that said first word line conductor 
corresponds to each of a plurality of magnetic bit 35 
structures, including said first magnetic bit struc- 
ture, so that said activation current causes a mag- 
netic field in said memory film of each oriented 
parallel to said common direction thereof, and so 

that said bit completion assurance current causes 40 
a magnetic field in said memory film of each orien- 
ted substantially opposite to said common direc- 
tion thereof. 

10. Apparatus characterised by means to store selec- 45 
ted magnetic states in magnetic bit structures 

(10) according to the method of any of the preced- 
ing Claims. 
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